Nitrification, the oxidative process converting ammonia to nitrite and nitrate, is driven by microbes 21 and plays a central role in the global nitrogen cycle. Our earlier metagenomics, amoA-amplicon, and 22 amoA-qPCR based investigations of groundwater-fed biofilters indicated a consistently high 23 abundance of comammox Nitrospira, and we hypothesized that these non-classical nitrifiers drive 24 ammonia-N oxidation. Hence, we used DNA and RNA stable isotope probing (SIP) coupled with 25 16S rRNA amplicon sequencing to identify the active members in the biofilter community when 26 subject to a continuous supply of NH4 + or NO2in the presence of 13 C-HCO3 -(labelled) or 12 C-HCO3 -27 (unlabelled). Allylthiourea (ATU) and sodium chlorate were added to inhibit autotrophic ammonia-28 and nitrite-oxidizing bacteria, respectively. Our results confirmed that lineage II Nitrospira 29 dominated ammonium oxidation in the biofilter community. A total of 78 (8 in RNA-SIP and 70 in 30 DNA-SIP) and 96 (25 in RNA-SIP and 71 in DNA-SIP) Nitrospira phylotypes (at 99% 16S rRNA 31 sequence similarity) were identified as complete ammonia-and nitrite-oxidizing, respectively. We 32 also detected significant HCO3uptake by Acidobacteria subgroup10, Pedomicrobium, Rhizobacter, 33 and Acidovorax under conditions that favoured ammonium oxidation. Canonical Nitrospira alone 34 drove nitrite oxidation in the biofilter community, and activity of archaeal ammonia oxidizing taxa 35 was not detected in the SIP fractions. This study provides the first in-situ evidence of ammonia 36 oxidation by comammox Nitrospira in an ecologically relevant complex microbiome.
Introduction
applied to assess ammonia and nitrite oxidizing phylotypes. Cross-feeders and taxa performing and DNA-SIP, and 6. (Filter 6) comparing the labelled OTUs between treatments (NH4 + fed, NH4 + -173 ATU fed, NO2fed, NH4 + -ClO3fed): To identify ammonia oxidizing phylotypes, labelled OTUs in 174 all treatments excluding the one fed only with NH4 + , were removed from the labelled OTU library of 175 NH4 + fed treatment. To identify nitrite oxidizing phylotypes, labelled OTUs in the treatment fed with 176 ClO3were removed from the labelled OTU library of the only NO2fed treatment.
177
As an additional step, detected genera were ranked according to the increase in their relative 178 abundance in both total DNA and RNA from the beginning (day 0) to the end (day 15) of the 179 experimental runs.
180
R codes for all bioinformatics and statistics including the detection of labelled OTUs in DNA and 181 RNA -SIP can be found in https://github.com/ardagulay.
182
All sequence data have been deposited at NCBI GenBank under Biosample accession numbers from 183 SAMN12227610 to SAMN12227705.
184

Results
185
Four different experimental treatments were designed to identify the microbes involved in ammonia 186 and nitrite oxidation (Table 1) 190 In Col. 1 (H 13 CO3 ˉ) and Col. 2 (HCO3 ˉ) , the full-scale conditions were mimicked, with the aim to 191 elucidate the complete in situ food web related to nitrification. In Col. 3 (HCO3ˉ) and Col. 4 (H 13 CO3 -
192
), ATU was used to suppress bacterial ammonia oxidation while feeding at the same NH4 + loading as 193 in Col. 1 and 2 (26). Complete inhibition of bacterial ammonia oxidation with ATU has been 194 previously observed at ATU concentrations of 8-86 µM (37), while archaeal ammonia oxidation is 195 less sensitive to ATU (38). The mechanism of ATU inhibition in AOB is proposed to be chelation of 196 the Cu 2+ from the active site in the AMO enzyme (24). To identify taxa associated with nitrite 197 oxidation, NO2was fed to Col. 5 (H 13 CO3ˉ) and Col. 6 (HCO3ˉ). In Col. 8 (H 13 CO3) and Col. 7 198 (HCO3), ClO3ˉ was used to inhibit nitrite oxidation under NH4 + feeding, with the aim to identify the 199 taxa solely associated with NH4 + oxidation (26). Chlorate is commonly used as a selective inhibitor for nitrite oxidation, as it is reduced by reverse activity of the nitrite oxidoreductase to the toxic Fig.S3.a) .
208
Inhibitor addition also significantly reduced overall 13 C incorporation. Columns fed with NH4 + , Fig.S5.a-d) . The observed labelling in individual treatments does not indicate whether 287 labelled Nitrospira OTUs are capable of ammonia oxidation because both ammonium and nitrite 288 oxidation occur in NH4 + treatment. We therefore performed a binary comparision between labelled 289 Nitrospira OTUs detected in the NH4 + versus NO2fed treatments (Fig.1a ). We assume that the 290 labelled Nitrospira OTUs in NH4 + fed treatment would include both comammox and nitrite oxidizing 291 Nitrospira, while the NO2fed treatment would exclude comammox Nitrospira based on observation 292 that comammox Nitrospira growth is not supported by oxidation of environmental nitrite in the 293 absence of ammonia(11).
294
Heatmaps of labelled Nitrospira OTUs (Fig.1.b Based on their 13 C labelling in NH4 + and NO2fed treatments, 78 (8 in RNA-SIP and 70 in DNA-SIP) 304 and 96 (25 in RNA-SIP and 71 in DNA-SIP) Nitrospira OTUs were identified as complete 305 ammonia-and nitrite-oxidizing, respectively (Fig.1c ). All labelled Nitrospira belonged to lineage II, 306 which comprises both comammox and non-comammox types. No clear branching between 
